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Description 



Robotic Data Storage Library With Soft 
Power On/Off Capability 

Field of the Invention 

[0001] The present invention is directed to a robotic data storage 
library that is useful in writing data to a data storage ele- 
ment and/or reading data from such a data storage ele- 
ment. 

Background of the Invention 

[0002] presently, robotic data storage libraries are primarily used 
to archive data, i.e., store data that is not immediately 
needed by a host computer, and provide archived data to 
the host computer when the data is needed. A typical 
robotic data storage library receives data from a host 
computer and causes the data to be written to a recording 
medium of a data storage element. When the host com- 
puter requires some of the data that was previously writ- 
ten to a data storage element, a request for the data is 
sent from the host computer to the library. In response, 



the library locates the data storage element, reads the 
data from the data storage element, and transmits the 
data to the host computer system. 
[0003] M 0S t robotic data storage libraries are currently com- 
prised of: (a) a plurality of storage locations for holding 
the data storage elements; (b) a data transfer interface ca- 
pable of establishing a communication path with a data 
storage element so that data can be transferred between 
the data storage element and the host computer; and (c) a 
transport unit for moving a data storage element between 
one of the storage locations and the data transfer inter- 
face. 

[0004] one example of a robotic data storage library is a tape 
cartridge library. In a tape cartridge library, for example, 
the library comprises a plurality of shelf structures com- 
prising slots for holding tape cartridges, a drive for writ- 
ing data to and/or reading data from the tape housed in 
the tape cartridges and a robot for transporting the tape 
cartridges between the storage slots and the tape drive. 
When a host computer provides data for archival purposes 
to the tape cartridge library, the robot retrieves a tape 
cartridge from a storage slot and transports the tape car- 
tridge to the drive. The drive writes the data onto the tape 



in the tape cartridge. When the drive has completed writ- 
ing the data onto the tape, the robot retrieves the tape 
cartridge from the drive and places the tape cartridge into 
a storage slot for later access. 

[0005] when the host computer requests the archived data, the 
tape cartridge library locates the tape cartridge in which 
the requested data is stored. The robot retrieves the tape 
cartridge from a storage location and transports the tape 
cartridge to a drive. The drive reads the data from the 
tape in the tape cartridge and the tape cartridge library 
provides the data to the host computer. After the data has 
been read from the tape in the tape cartridge, the robot 
retrieves the tape cartridge from the drive and transports 
the tape cartridge to a storage slot. 

[0006] | n addition, the components of a robotic data storage li- 
brary require the application of power. As such, a robotic 
data storage library further comprises one or more power 
supplies for supplying power to components of the li- 
brary. 

Summary of the Invention 

[0007] powering up or powering down a robotic data storage li- 
brary can cause a variety of issues. The present invention 
controls the application of power to at least one compo- 



nent of a robotic data storage library to reduce issues 
caused by transitioning the library between an ON state 
and an OFF state. For example, a robotic data storage li- 
brary of the present invention comprises: (a) a plurality of 
storage locations, each capable of holding at least one 
data storage element; (b) a data transfer interface for re- 
ceiving a data storage element and establishing a commu- 
nication path with a data storage element so that data can 
be transferred between the data storage element and a 
host computer; (c) a transport unit for moving a data stor- 
age element between one of the plurality of storage loca- 
tions and the data transfer interface; (d) a power supply 
for providing power to a component of the library; (e) a 
power switch switchable between an ON state and an OFF 
state; and (f) a power controller for monitoring the power 
switch for a transition between the ON state and the OFF 
state and after detecting a transition of the power switch 
between the ON state and the OFF state, controlling the 
application of power to the component. 
[0008] Transitioning a robotic data storage library from an OFF 
state to an ON state can create large AC current influxes 
that can be difficult to handle. To address these large AC 
current influxes, the application of power to a component 



of the library is delayed. For example, one embodiment of 
a robotic data storage library having soft power capability 
to reduce AC current influxes comprises: (a) a plurality of 
storage locations, each capable of holding at least one 
data storage element; (b) a data transfer interface for re- 
ceiving a data storage element and establishing a commu- 
nication path with a data storage element so that data can 
be transferred between the data storage element and a 
host computer; (c) a transport unit for moving a data stor- 
age element between one of the plurality of storage loca- 
tions and the data transfer interface; (d) a power supply 
for providing power to a component of the library; (e) a 
power switch switchable between an ON state and an OFF 
state; and (f) a power controller for monitoring the power 
switch for a transition from the OFF state to the ON state 
and after detecting a transition of the power switch from 
the OFF state to the ON state, delaying the application of 
power to the component for a period of time after detec- 
tion of the transition of the power switch from the OFF 
state to the ON state. The application of power to the 
component is delayed in one embodiment, for example, 
by sequencing the power supply with at least one other 
power supply of the library or in another embodiment by 



sequencing the activation of the component with at least 
one other component of the library. 
[0009] Transitioning a robotic data storage library from an ON 
state to an OFF state can, for example, leave components 
in an undesired physical position requiring operator inter- 
vention when the library is powered on again, interrupt 
pending operations, and erase data stored in volatile 
memory. In one embodiment, soft power capability is pro- 
vided to allow a component to reach a quiescent state be- 
fore the application of power to the component is termi- 
nated. For example, a robotic data storage library having 
soft power capability to allow a component to reach a qui- 
escent state before the application of power is removed 
comprises: (a) a plurality of storage locations, each capa- 
ble of holding at least one data storage element; (b) a data 
transfer interface for receiving a data storage element and 
establishing a communication path with a data storage el- 
ement so that data can be transferred between the data 
storage element and a host computer; (c) a transport unit 
for moving a data storage element between one of the 
plurality of storage locations and the data transfer inter- 
face; (d) a power supply for providing power to a compo- 
nent of the library; (e) a power switch switchable between 



an ON state and an OFF state; and (f) a power controller 
for monitoring the power switch for a transition from the 
ON state to the OFF state and after detecting a transition 
of the power switch from the ON state to the OFF state, 
issuing a power termination message to the component 
concerning an impending termination of the application of 
power to the component. 

[0010] | n one embodiment, a system of the present invention 

terminates the application of power to a component after 
detecting a transition of the power switch from an ON 
state to an OFF state after a fixed amount of time has ex- 
pired after since the detection of the transition. 

[0011] in an alternative embodiment, a system of the present in- 
vention terminates the application of power to a compo- 
nent after detecting a transition of the power switch from 
an OFF state to an ON state after a variable amount of 
time has expired since the detection of the transition. 

[0012] in another embodiment, a robotic data storage library 
system is powered on or powered off after a predeter- 
mined or operator selectable period of time. 
Brief Description of the Drawings 

[0013] Figure 1 shows a block diagram of a robotic data storage 
library; 



[0014] Figure 2 shows a block diagram of one embodiment of a 
system for providing soft power capability for a robotic 
data storage library after a transition of a power switch 
between an ON state and an OFF state; 

[0015] Figure 3 shows a block diagram of an embodiment of a 
system for providing soft power capability for a robotic 
data storage library after a transition of a power switch 
from an OFF state to an ON state; 

[0016] Figure 4 shows a block diagram of a second embodiment 
of a system for providing soft power capability for a 
robotic data storage library after a transition of a power 
switch from an OFF state to an ON state; 

[0017] Figure 5 shows a block diagram of an embodiment of a 
system for providing soft power capability for a robotic 
data storage library after a transition of a power switch 
from an ON state and an OFF state; 

[0018] Figures 6 through 8 show system diagrams of axes of 

motion of a transport unit of a magazine-based cartridge 
data library. 

[0019] Figure 9 shows a block diagram of a second embodiment 
of a system for providing soft power capability for a 
robotic data storage library after a transition of a power 
switch between an ON state and an OFF state; and 



[0020] Figure 10 shows a block diagram of an embodiment of a 

system for providing soft power capability in a robotic 

data storage library comprising a plurality of chassis 

linked together. 
Detailed Description 

[0021] The present invention is directed to a system, method and 
apparatus for providing soft power capability for a robotic 
data storage library. 

[0022] Figure 1 shows a block diagram of a robotic data storage 
library. The robotic data storage library 100 comprises: (a) 
a frame 102 for supporting other elements of the library, 
(b) a plurality of storage locations 104, each capable of 
storing data storage elements; (c) a data transfer interface 
106 for receiving a data storage element and establishing 
a communication path with the data storage element so 
that data can be transferred between the data storage ele- 
ment and a host computer; (d) a transport unit 108 for 
moving a data storage element between one of the plural- 
ity of storage locations 104 and the data transfer interface 
106; and (e) an interface 110 for communicating with a 
host computer that uses the library to store data. 

[0023] As noted, the frame 102 provides a support for the other 
elements of the library. In addition, the frame may com- 



prise one or more exterior surfaces that form a cabinet for 
enclosing most of the components of the library. Typi- 
cally, the cabinet establishes an environment in which the 
temperature can be controlled for the benefit of the ele- 
ments of the library housed within the cabinet. The cabi- 
net also commonly serves as a barrier to contaminates 
that could adversely affect the operation of the elements 
of the library housed within the library. Additionally, the 
cabinet is also useful in preventing an individual from ac- 
cessing the space within the cabinet during operation of 
the library and potentially being injured by the moving el- 
ements within the library. 
[0024] The plurality of storage locations 104 comprises locations 
for holding at least one data storage element when it is 
not in communication with a data transfer interface 106. A 
data storage element may comprise any type of media on 
which data may be written to and/or read from via a data 
transfer interface 106 of the robotic data storage library 
100. A data storage element, for example, may comprise 
a tape, a tape cartridge, a tape pack, a tape drive, a tape 
drive pack, a disk, a disk cartridge, a disk pack, a disk 
drive, a disk drive pack, a memory stick, a memory card, 
or any other data storage device that may be used to write 



data to and/or read data from via a data transfer interface 
106. A storage location may be fixed or movable and be 
adapted to hold one or more data storage elements. For 
example, a storage location can comprise a support struc- 
ture sized and shaped to hold a single data storage ele- 
ment or to hold a plurality of data storage elements. 
[0025] The data transfer interface 106 receives a data storage el- 
ement and establishes a communication path with the 
data storage element so that data can be transferred be- 
tween the data storage element and a host computer. The 
data transfer interface 106, for example, may comprise a 
drive, such as a tape or disk drive for receiving a data 
storage element, or may comprise an interface port to 
which a data storage element, such as a tape or disk drive 
or drive pack, may be connected to establish a communi- 
cation path with the storage medium of the data storage 
element. 

[0026] The transport unit 108 comprises an assembly for moving 
a data storage element between one of the plurality of 
storage locations 104 and the data transfer interface 106. 
The transport unit 108, for example, may comprise a 
robot that may move a data storage element or may move 
a magazine or other group of data storage elements be- 



tween one or more storage locations 104 and one or more 
data transfer interfaces 106. 

[0027] The interface 110 for communicating with a host com- 
puter that uses the library to store data may comprise any 
type of interface known in the art. The interface 110, for 
example, may comprise a network port, a serial port, a 
universal serial bus port (USB), a parallel port, a data 
transfer bus or any other suitable interface. 

[0028] There are a number of devices that do not necessarily 
need to be part of the robotic data storage library 100 
(i.e., not supported by the frame) but are nonetheless 
needed for the library to function and, as a consequence, 
typically are part of the library. Among these devices are a 
power supply system 114 (which may be comprised of 
multiple power supplies) and a controller 116 for manag- 
ing the operations of the library. If the robotic data stor- 
age library 100 is unable to passively dissipate enough 
heat for the elements of the library to function, environ- 
mental devices 118 (e.g., fan, fins, heat pipes etc.) can 
also be incorporated into the library. 

[0029] | n addition, there are several devices that typically are not 
required for the library 100 to function but are nonethe- 
less desirable in certain embodiments. Among these de- 



vices are an entry/exit port 120 for moving a data storage 
element between an exterior environment that is accessi- 
ble to an operator and a space that is accessible by the 
transport unit 108; a pass-through port 122 for moving 
data storage elements between robotic data storage li- 
braries; and an operator interface 124 that allows an op- 
erator to interact with the library. 

[0030] soft power capability comprises controlling the application 
of power to components of the robotic data storage li- 
brary 100 during a transition between an ON state and an 
OFF state. In a transition from an OFF state to an ON state, 
for example, a robotic data storage library can sequence 
the start up of power supplies and/or sequence the acti- 
vation of library components to prevent large influxes of 
current. In a transition from an ON state to an OFF state, 
for example, a robotic data storage library can inform the 
components of an impending termination of power to en- 
able the components to reach a quiescent state before the 
power supply to the components is terminated. 

[0031] Figure 2 shows a block diagram of one embodiment of a 
system 200 for providing soft power capability for a 
robotic data storage library 100. The system 200 as 
shown in Figure 2 comprises: (a) a power switch 202 



switchable between an ON state and an OFF state; (b) a 
power controller 204 for monitoring the power switch for 
a transition between the ON state and the OFF state and, 
in response, controlling the application of power to a 
component of the library; (c) a plurality of power supplies 
206 and 208 for supplying power to a plurality of compo- 
nents 210 and 212 via bus 214; and (d) a communication 
network 216 for communicating between the power con- 
troller and the plurality of components 210 and 212. 
[0032] The power switch 202 comprises an interface 203 for 
transitioning a state of the switch between an ON state 
and an OFF state. In one embodiment, the interface 203 
may comprise a user interface, such as a switch capable of 
being switched by a user and monitored by a power con- 
troller. The interface 203, for example, may comprise a 
touch panel or an electromechanical switch on a panel of 
the robotic data storage library. An electromechanical 
switch, for example, may comprise a momentary switch or 
a latching switch. In another embodiment, the interface 
203 may comprise a computer interface that may be ca- 
pable of being switched by another device such as a host 
computer or a controller internal or external to the robotic 
data storage library 100. In yet another embodiment, the 



power switch 202 can comprise both a user interface and 
a computer interface. 

[0033] The power controller 204 receives power via controller in- 
put 218 and monitors the state of the power switch 202 
via controller input 220. In one embodiment, after a tran- 
sition of the power switch 202 from an OFF state to an ON 
state, the power controller controls the outputs 207 and 
209 of the power supplies 206 and 208, respectively, via 
controller outputs 222 and 224. In this particular embodi- 
ment, the power controller 204 sequences up the power 
supplies 206 and 208 via control lines 222 and 224, re- 
spectively. The power supplies 206 and 208, in turn, sup- 
ply power to the bus 214, which provides power to the 
components 210 and 212. By sequencing up the power 
supplies 206 and 208, the power controller minimizes the 
collective influx of current drawn by the power supplies 
from the AC power input 226. 

[0034] After the power controller 204 detects a transition from 
an ON state to an OFF state, the power controller 204, 
communicates with the components 210 and 212 via the 
network 216 to inform them of an impending shutdown. A 
component may comprise any element associated with a 
robotic data storage library that requires power to oper- 



ate, whether internal or external to the library. In a car- 
tridge-type data storage library, for example, a compo- 
nent may comprise a transport unit, a data transfer inter- 
face, such as a drive, a motor, a solenoid, a sensor, a re- 
lay, an environmental device, an entry/exit port, a pass- 
through port, a server, a host computer or any other ele- 
ment associated with the library requiring power for oper- 
ation. 

[0035] | n the embodiment shown in Figure 2, the components 
210 and 212 each comprise a component controller 230 
and 232, respectively. However, a single component con- 
troller may control a plurality of components. The compo- 
nent controllers 230 and 232 receive a message via the 
communications network 216 from the power controller 
informing the components 210 and 212 of an impending 
shutdown. 

[0036] | n 0 ne embodiment, the power controller 204 sends the 
message indicating that each of the component con- 
trollers 230 and 232 have a predetermined period of time 
before the power being provided by the power supplies to 
the components will be terminated. The component con- 
trollers 230 and 232 take steps necessary to place the 
components 210 and 212, respectively, in a quiescent 



state before the application of power to the components 
210 and 212 is terminated. For example, a robot con- 
troller, can make sure that any move of a data storage el- 
ement in process is completed, the robot is placed in a 
home position and/or any pending, uncompleted moves 
are set to a FAIL state so that the component controller 
and/or the host computer will know that these moves 
were not completed before the application of power to the 
robot was terminated. In another example, a component 
controller may save information currently stored in volatile 
memory into non-volatile memory so that it will be able to 
be retrieved upon power-up. 
[0037] | n another embodiment, the power controller 204 can 
send a message indicating that each of the component 
controllers 230 and 232 have a predetermined period of 
time before the supply of power to the components will be 
terminated unless one or more of the component con- 
trollers 230 and 232 respond before the expiration of the 
predetermined period and indicate that more time is nec- 
essary to place one or more components in a quiescent 
state. In this embodiment, for example, the component 
controllers can inform the power controller that an addi- 
tional period of time is necessary to place their compo- 



nents in a quiescent state before the supply of power to 
the component is terminated. If the power controller 204 
receives such a message from a component controller, 
such as 230, the power controller 204 extends the prede- 
termined period of time before terminating the supply of 
power to the components 210 and 212. The power con- 
troller 204 can, for example, extend the original predeter- 
mined period of time by an additional predetermined ex- 
tension period (e.g., 5 seconds) that is the same or differ- 
ent from the original predetermined period of time before 
terminating the supply of power to the components 210 
and 212. Alternatively, the component controller may 
specify a period of time required for the component to be 
ready for the supply of power to be terminated. 
[0038] | n addition, the power controller can send an additional 
message prior to the expiration of the extension period 
informing the component controllers that the time before 
the supply of power to the components is terminated will 
be extended. At this point, the power controller may con- 
tinue to loop until no component controllers have re- 
quested additional time before terminating the supply of 
power or may terminate the supply of power after the ex- 
piration of the extension period of time. 



[0039] other soft power functionalities may be performed as de- 
sired. For example, certain elements shown in Figure 2, 
may only be required if soft power capability is desired for 
both transitions from an OFF state to an ON state and 
from an ON state to an OFF state. If soft power capability 
is only required for one of these transitions, however, 
these elements will not be required in such an embodi- 
ment of the present invention. 

[0040] Figure 3, for example, shows an alternative embodiment 
of the present invention that can provide soft power capa- 
bility for a robotic data storage library 100 during a tran- 
sition from an OFF state to an ON state. In the embodi- 
ment shown in Figure 3, the system 300 comprises: (a) a 
power switch 302 switchable between an ON state and an 
OFF state; (b) a power controller 304 for monitoring the 
power switch for a transition between the ON state and 
the OFF state and, in response, controlling the application 
of power to a component of the library; and (c) a plurality 
of power supplies 306 and 308 for supplying power to a 
plurality of components 310 and 312. The communication 
network 216 of the embodiment shown in Figure 2, how- 
ever, is not necessary in this embodiment. 

[0041] a s described above with reference to Figure 2, the power 



switch 302 can comprise any interface capable of transi- 
tioning a state of the switch between an ON state and an 
OFF state, and that can be monitored by the power con- 
troller 304. The power controller 304 receives power via 
controller input 318 and monitors the power switch 302 
via controller input 320. After a transition of the power 
switch 302 from an OFF state to an ON state, the power 
controller controls the outputs 307 and 309 of the power 
supplies 306 and 308, respectively, via controller outputs 
322 and 324. In this particular embodiment, the power 
controller 304 sequences up the power supplies 306 and 
308 via control lines 322 and 324, respectively. The 
power supplies 306 and 308, in turn, sequence up one or 
more components 310 and 312 by directly providing 
power to the components upon power up. As described 
above, sequencing up the power supplies 306 and 308 
minimizes the collective influx of current drawn by the 
power supplies from the AC power input 326. 
[0042] Figure 4 shows yet another embodiment of a system 400 
for providing soft power capability for a robotic data stor- 
age library 100 for a transition from an OFF state to an ON 
state. As shown in Figure 4, the system 400 comprises: (a) 
a power switch 402 switchable between an ON state and 



an OFF state; (b) a power controller 404 for monitoring 
the power switch for a transition between the ON state 
and the OFF state and, in response, controlling the appli- 
cation of power to a component of the library; (c) a plural- 
ity of power supplies 406 and 408 for supplying power to 
a plurality of components 410 and 412; and (d) a commu- 
nication network 416 for communicating between the 
power controller 404 and the plurality of components 410 
and 412. 

[0043] Again, the power switch 402 can comprise any interface 
capable of transitioning a state of the switch between an 
ON state and an OFF state, and that can be monitored by 
the power controller 404. The power controller 404 re- 
ceives power via a controller input 418 from a housekeep- 
ing voltage output 419 of the power supply 406 and mon- 
itors the power switch 402 via a controller input 420. Al- 
ternatively, the housekeeping voltage provided to the 
power controller 404 may be provided by any power sup- 
ply or combination of power supplies in the library 100, or 
the library may comprise a power supply dedicated to 
providing power to the power controller 404. After a tran- 
sition of the power switch 402 from an OFF state to an ON 
state, the power controller sequences up the components 



410 and 412 by communicating with the component con- 
trollers 430 and 432, respectively (alternatively, the power 
controller may directly sequence up the components via 
the communications network 416 without the need for 
component controllers 430 and 432). In this embodiment, 
the power controller 404 sequences up the components 
410 and 412 via the communications network 416. As de- 
scribed above, sequencing up the components 410 and 
412 minimizes the collective influx of current drawn by 
the power supplies from the AC power input 426. 
[0044] soft power capability may also be provided during a tran- 
sition from an ON state to an OFF state within the scope 
of the present invention without requiring soft power ca- 
pability during a transition from an OFF state to an ON 
state. Figure 5, for example, shows one embodiment of a 
system 500 that can provide soft power capability for a 
robotic data storage library 100 during a transition from 
an ON state to an OFF state. The system 500 comprises: 
(a) a power switch 502 switchable between an ON state 
and an OFF state; (b) a power controller 504 for monitor- 
ing the power switch for a transition between the ON state 
and the OFF state and, in response, controlling the appli- 
cation of power to a component of the library; (c) a power 



supply 506 for supplying power to a plurality of compo- 
nents 510 and 512; and (d) a communication network 516 
for communicating between the power controller and the 
plurality of components 510 and 512. 

[0045] The power switch 502 can comprise any interface capable 
of transitioning a state of the switch between an ON state 
and an OFF state and that can be monitored by the power 
controller 504. The power controller 504 receives power 
via controller input 518 and monitors the power switch 
502 via controller input 520. After the power controller 
504 detects a transition of the power switch 502 from an 
ON state to an OFF state, the power controller 504, com- 
municates with the components 510 and 512 to inform 
them of an impending shutdown. In the embodiment 
shown in Figure 5, the components 510 and 512 comprise 
a component controller 530 and 532, respectively. How- 
ever, a single component controller can control a plurality 
of components. The component controller(s) receive a 
message from the power controller 504 informing the 
components 510 and 512 of an impending shutdown. 

[0046] As described above, in one embodiment the power con- 
troller 504 can send a message over the communication 
network 516 indicating that each of the component con- 



trollers 530 and 532 have a predetermined period of time 
before the power supply to the components will be termi- 
nated. The component controllers 530 and 532 take steps 
necessary to place the components 510 and 512, respec- 
tively, in a quiescent state before the application of power 
to the components 510 and 512 is terminated. For exam- 
ple, a robot controller, can make sure that any move of a 
data storage element in process is completed, the robot is 
placed in a home position and any pending, uncompleted 
moves are set to a FAIL state so that the component con- 
troller and/or the host computer will know that these 
moves were not completed before the application of 
power to the robot was terminated. In another example, a 
component controller may save information currently 
stored in volatile memory into non-volatile memory so 
that it will be able to be retrieved upon power-up. 
[0047] | n another embodiment, the power controller 504 can 
send a message indicating that each of the component 
controllers 530 and 532 have a predetermined period of 
time before the supply of power to the components will be 
terminated unless one or more of the component con- 
trollers 530 and 532 respond before the expiration of the 
predetermined period and indicate that more time is nec- 



essary to place one or more components in a quiescent 
state. In this embodiment, for example, the component 
controllers can inform the power controller that an addi- 
tional period of time is necessary to place their compo- 
nents in a quiescent state before the supply of power to 
the component is terminated. If the power controller 504 
receives such a message from a component controller, 
such as 530, the power controller 504 extends the prede- 
termined period of time before terminating the supply of 
power to the components 510 and 512. The power con- 
troller 504 can, for example, extend the original predeter- 
mined period of time by an additional predetermined ex- 
tension period (e.g., 5 seconds) that is the same or differ- 
ent from the original predetermined period of time before 
terminating the supply of power to the components 510 
and 512. Alternatively, the component controller may 
specify a period of time required for the component to be 
ready for the supply of power to be terminated. 
[0048] | n addition, the power controller can send an additional 
message prior to the expiration of the extension period 
informing the component controllers that the time before 
the supply of power to the components is terminated will 
be extended. At this point, the power controller may con- 



tinue to loop until no component controllers have re- 
quested additional time before terminating the supply of 
power or may terminate the supply of power after the ex- 
piration of the extension period of time. 
[0049] | n one embodiment, for example, a robotic data storage 
library can comprise a magazine-based data cartridge li- 
brary. In a magazine-based data cartridge library, individ- 
ual cartridges are stored in magazines. The magazine 
and/or individual cartridges are moved within the library. 
In one embodiment of a magazine-based data cartridge 
library, for example, a transport unit can move magazines 
and/or cartridges. As shown in Figures 6 8, for example, a 
transport unit in a magazine-based cartridge library can 
have a plurality of axes of motion for transporting maga- 
zines and/or cartridges with the library. In Figure 6, for 
example, the transport unit 600 may comprise a first as- 
sembly 602 for moving a magazine transport and car- 
tridge picker assembly 604 along a vertical axis 606 and a 
second assembly 608 for moving the magazine transport 
and cartridge picker assembly 604 along a horizontal axis 
610. The assemblies 602 and 608, for example, may 
comprise motors, solenoids and/or any other assembly 
known in the art. 



[0050] Figure 7 shows a block diagram of additional possible 

axes of motion for a transport unit 600 that may be used 
in a magazine-based data cartridge library. In this em- 
bodiment, the transport unit 600 comprises a magazine 
transport 619 and a cartridge picker assembly 620. The 
magazine transport 619 comprises a platform 612 for 
supporting a magazine 614 that has been removed from a 
magazine storage location, an extension assembly 616 for 
extending into and retracting out of magazine storage lo- 
cations along a magazine axis 613, and an engaging as- 
sembly 618 for engaging and/or releasing a magazine 
614. The cartridge picker assembly 620 engages and/or 
releases one or more individual cartridges 615. The as- 
sembly 616, for example, can extend and retract along 
the magazine axis 613 perpendicular to the vertical axis 
606 and the horizontal axis 610 when the cartridge trans- 
port is moved to a position outside a storage location of 
the library. The assembly 616, for example, may comprise 
motors, solenoids and/or any other assembly known in 
the art. The engaging assembly 618 engages a magazine 
and/or releases a magazine from the magazine transport 
619. The engaging assembly 618, can move along a linear 
or rotational engaging axis, for example, and may com- 



prise any assembly for grabbing, hooking, locking, or 
otherwise engaging a magazine known in the art. 

[0051] Figure 8 shows another set of axes that may be used in a 
transport unit of a magazine-based data cartridge library. 
As shown in Figure 8, for example, the cartridge picker 
assembly 620 may comprise a picker element alignment 
assembly 622 for moving a picker element 624 along a 
cartridge axis 626 parallel to a length of a magazine 614 
to align the picker element 624 with a cartridge 615 in the 
magazine 614, a picker element extension assembly 628 
for extending a picker element 624 into and/or retracting 
the picker element 624 out of a magazine 614 along a 
picker axis 630, and a picker element rotation assembly 
632 for rotating the picker element 624 along a rotational 
axis 634 to orient a cartridge 615 for insertion into a drive 
636 or other data transfer interface. The assemblies 622, 
628 and 632, for example, may comprise motors, 
solenoids and/or any other assembly known in the art. 

[0052] Figure 9 shows a block diagram of one embodiment of a 
magazine-based data cartridge library 900 comprising 
soft power capability. The library 900 receives power from 
a primary AC power input 934 and a secondary AC power 
input 936. In one exemplary embodiment, the secondary 



AC power input 936 comprises an uninterruptible power 
supply (UPS) to seamlessly provide power to the system in 
the event of a power failure of the primary AC power in- 
put. The primary and secondary AC power inputs 934 and 
936 are connected to an AC input module 938, which 
provides a breaker system for switching between the two 
power inputs and/or disconnecting the incoming AC 
power to the library 900. From the AC input module 938, 
AC power is fed to an AC power distribution panel 940. 
From the AC power distribution panel 940, the AC power 
is fed to a plurality of +5/12 volt power supplies 906 and 
to a plurality of +24 volt power supplies 908 (via an elec- 
tronics bay interconnect panel 942). While the DC power 
supplies shown in Figure 9 comprise +5/12 volt and +24 
volt power supplies, the voltage levels of these DC power 
supplies is merely exemplary. As one skilled in the art 
would appreciate, other voltage levels are possible. 
[0053] The +5/12 volt power supplies 906, in turn, provide 

power to a bus bar power distribution panel 914 for dis- 
tribution to components of the library 900. The bus bar 
power distribution panel 914 supplies power to one or 
more data transfer interfaces and to the electronic bay in- 
terconnect (EBI) 942 via cable 5. The EBI 942 also receives 



power from the +24 volt power supplies 908 and dis- 
tributes + 5 volts, + 12 volts and +24 volts to other com- 
ponents of the library 900. 
[0054] The +5/12 volt power supplies 906 also provide a house- 
keeping voltage 918 for powering a power control module 
904. The power control module 904 is also connected to 
the +5/12 and 24 volt power supplies 906 and 908 via a 
communications network 915, which in exemplary em- 
bodiments can be implemented using an Inter IC (IIC) net- 
work provided by Phillips, a Control Area Network (CAN) 
or other type of network or communications link. In one 
embodiment, the power control module 904 comprises 
non-volatile memory 946 to store a boot-strap program 
for maintaining persistence through AC power cycles. In 
another embodiment, the power control module 904 
monitors the output voltage of the +5/12 volt power sup- 
plies 906 and/or the +24 volt power supplies 908, such 
as via a voltage sense module 948. In this embodiment, 
the power control module 904 signals one or more power 
supplies 906 and/or 908 via the communications network 
915 if their output voltage strays from the desired voltage 
or can increase current provided by one or more power 
supplies 906 and/or 908 if one or more power supplies 



has failed. 

[0055] The EBI 942 also provides power to a library control mod- 
ule (LCM) 950 and a robot control module (RCM) 952. The 
LCM 950 comprises a controller for controlling an opera- 
tor interface 954. The operator interface 954, for exam- 
ple, can comprise an interface such as an LCD touch 
screen panel 956 located on a frame of the library 600. In 
one embodiment, for example, the LCM 950 can commu- 
nicate with an operator, such as by posting messages 
and/or submitting queries, and receiving commands and/ 
or responding to queries. In the particular embodiment 
shown in Figure 9, for example, the LCM 950 can also 
comprise an Ethernet port 958, a modem 960, a VGA port 
962, a mouse port 964, a keyboard port 966, a CAN port 
968, an RS232 port 970, a universal serial bus port 972, a 
serial port 974 and/or any other means of communicating 
to external device(s) (such as a host computer) and/or ex- 
ternal network(s). An operator, for example, may commu- 
nicate with the library via a browser over a network inter- 
face. 

[0056] The RCM 952 comprises a controller for controlling the 
operation of a robotic transport unit. As described above 
with reference to Figures 6 8, this embodiment of a mag- 



azine-based data cartridge 900 comprises a transport unit 
comprising seven axes of motion: (a) a vertical axis 606, 
(b) a horizontal axis 610, (c) a magazine axis 613, (d) an 
engaging axis, (e) a cartridge axis 626, (f) a picker axis 
630, and (g) a picker element rotational axis 634. In the 
particular embodiment shown in Figure 9, the RCM 952 
communicates with four sub-controllers that directly con- 
trol the motion of the transport unit over the seven axes 
of motion via a communications network 916. The com- 
munications network 916, in one embodiment, may com- 
prise a Control Area Network (CAN) such as shown in Fig- 
ure 9 that is independent of the communication network 
915 used by the power control module 904 to communi- 
cate with the power supplies 906 and 908. (Although the 
communications network 916 is linked with the communi- 
cation network 915 via the power controller, which is con- 
nected to both networks 915 and 916.) Alternatively, a 
single communications network or two completely distinct 
networks may be implemented to perform the functions. 
In the particular embodiment shown in Figure 9, for ex- 
ample, the RCM can also comprise an Ethernet port 958, a 
modem 960, a VGA port 962, a mouse port 964, a key- 
board port 966, a CAN port 968, an RS232 port 970, a 



universal serial bus port 972, a serial port 974 and/or any 
other means of communicating to external device(s) (such 
as a host computer) and/or external network(s). 
[0057] The horizontal axis controller 976 is linked to the EBI 942, 
and thus to the RCM 952, via cable 3, which comprises a 
power supply, a network connection (CAN 916) and other 
communications links, via the horizontal axis passive in- 
terconnect 978. The horizontal axis controller 976 re- 
ceives an input from a transport unit horizontal axis home 
sensor 980 and controls a transport unit horizontal axis 
motor 982. 

[0058] The remaining transport unit subcontrollers: a vertical 
axis controller 984, a magazine transport platform con- 
troller 986, a cartridge picker assembly controller 988 are 
linked to the EBI 942 and RCM 952 via cable 9 and flex 
cables A, B and C, which also comprise power supply, net- 
work connection (CAN) and other communications links 
via their subcontroller passive interconnect 991. The ver- 
tical axis controller 984, for example, receives an input 
from a vertical axis home sensor 990 and a brake relay 
992 and controls a vertical axis motor 994 and a vertical 
axis brake solenoid 996, which provides a braking mech- 
anism to restrict the motion of the transport unit along 



the vertical axis 606. The magazine transport platform 
controller 986 also comprises inputs from sensor(s) 998 
for the magazine axis 613, the engaging axis and the car- 
tridge axis 626 and controls the operation of the trans- 
port unit along these axes via the magazine motor 800, 
the engaging motor 802 and the cartridge motor 804. The 
cartridge picker assembly controller 988 comprises inputs 
from an inventory sensor 806, a barcode reader 808, and 
picker axis and picker element rotational axis sensor(s) 
810. The cartridge picker assembly controller 988 con- 
trols the operation of the transport unit along the picker 
axis 630 and the picker element rotational axis 634 via 
the picker element motor 812 and the picker element ro- 
tational motor 814. The cartridge picker assembly con- 
troller 988 can also control a picker solenoid 816 for re- 
leasing a cartridge from the cartridge picker assembly if 
desired. The cartridge picker assembly controller 988 can 
also control operation LED(s) 818 for indicating one or 
more statuses related to the transport unit and comprises 
a CAN terminator 820. The cartridge picker assembly con- 
troller 988 may also communicate via wireless communi- 
cation, such as using a Bluetooth protocol, via a wireless 
communication port 822. For example, a data storage el- 



ement or other component of the library may comprise a 
wireless transmitter for identifying itself to a wireless re- 
ceiver of the cartridge picker assembly. 
[0059] Cable 3, which as described above links the horizontal 

axis controller 976 to the EBI, further links a pair of entry/ 
exit port controllers 824 and 826, a frame-to-frame tran- 
sition board 828 and a fan and light controller 830 to the 
EBI 942. The entry/exit port controllers 824 and 826 
comprise an entry/exit port passive interconnect 832 for 
connecting to cable 3. The entry/exit port controllers 824 
and 826 also comprise inputs from sensor(s) 834 and 835 
and control the operation of entry/exit port motors 836 
and 837. The entry/exit port controllers 824 and 826 can 
also control operation LED(s) 838 for indicating one or 
more statuses related to the entry/exit port. The frame- 
to-frame transition board 828 provides a communication 
port for communicating with one or more other chassis 
and provides safety switches 840, analog and digital 
chassis IDs 842 and 844, and a pair of cable headers 846 
and 848 for connecting to one or more other chassis. The 
fan and light controller 830 further controls the operation 
of one or more lights 850, fan motors 852 and switches 
854 of the library and monitors one or more temperature 



sensors 856 for the library. 

[0060] cable 6 further links the EBI 942 to the front panel, which 
in this particular embodiment comprises an LCD touch 
screen front panel 956 and a power switch 902. In one 
embodiment, for example, the power switch 902 may 
comprise a momentary switch. In this embodiment, the 
power control module 904 monitors the power switch 902 
for a transition between an ON state and an OFF state. For 
example, as the momentary switch is transitioned from 
one state to another state (e.g., by pressing the momen- 
tary switch), the power control module 904 monitors the 
switch for the transition. 

[0061] Cable 4 also links the drive bay assembly modules 944 to 
the CAN. One of the drive bay assembly modules 944 is 
shown in detail in Figure 9. The drive bay assembly mod- 
ule 944 comprises: four drives, four drive control mod- 
ules, a quad interface backplane, and a quad interface 
processor. Although the drive bay assembly module 944 
is shown comprising four drives and four drive control 
modules, any number of drives and drive control modules 
are possible. The quad interface processor is connected to 
the CAN and power supplies via the quad interface back- 
plane and cable 4. The quad interface processor is also 



connected to the drive control modules, which control 
each of the drives. The quad interface processor com- 
prises a pair of interface ports for connecting to an exter- 
nal device (such as a host computer) and/or a network. In 
another embodiment, it is also possible for the quad in- 
terface backplane to comprise one or more interfaces for 
connecting to an external device and/or network. The 
quad interface processor also monitors a temperature 
sensor and controls one or more fans or other cooling de- 
vices to keep the drive bay assembly operating within a 
desired temperature range. 
[0062] During operation, the power control module 904 monitors 
the power switch 902 for a transition between an ON state 
and an OFF state. After detecting a transition, the power 
control module 904 controls the application of power to 
the components of the library to provide soft power capa- 
bility. As described above, an interface of the power 
switch can be implemented by the power switch 902 be- 
ing activated by a user interface and/or by a computer in- 
terface, such as by the power control module 904 receiv- 
ing a message from an external device (such as a host 
computer or an uninterruptible power supply) via the 
communication network 916 from an external connection 



(e.g., an Ethernet port 958 of the LCM 950 or the RCM 
952). In one embodiment, for example, the power con- 
troller 904 may comprise an interface port for directly 
connecting with an external device (such as a host com- 
puter or an uninterruptible power supply) and/or an ex- 
ternal network. 

[0063] | n one embodiment, for example, after a transition of the 
power switch 902 from an OFF state to an ON state, the 
power control module 904 controls the outputs 907 and 
909 of the power supplies 906 and 908, respectively, via 
the power communications network 915. In this particular 
embodiment, the power control module 904 sequences up 
the power supplies 906 and/or 908 via the power com- 
munications network 915. The power supplies 906 and 
908, in turn, supply power to the bus bar power distribu- 
tion panel 914 and the electronics bay interconnect (EBI) 
942, which provide power to the components of the li- 
brary 900. By sequencing up the power supplies 906 and/ 
or 908, the power control module 904 minimizes the col- 
lective influx of current drawn by the power supplies 906 
and 908 from the AC power input(s) 934 and/or 936. 

[0064] After the power control module 904 detects a transition 
from an ON state to an OFF state, whether via the a user 



interface or a computer interface of the power switch 902, 
the power control module 904, sends a message over the 
communications network 916 notifying the components 
of an impending shutdown. A component of the library 
900, for example, may comprise an element of the library 
900 that requires power to operate, such as the transport 
unit motors, the drives, the entry/exit port, the fan, the 
light, the LCM and the RCM. 
[0065] | n the embodiment shown in Figure 9, components such 
as the transport unit motors and solenoids, the drives, the 
entry/exit port motors, the fan motor(s) and the light(s) 
comprise controllers are connected to the communica- 
tions network 916. The controller(s) receive a message via 
the communications network 916 from the power control 
module informing the components of an impending shut- 
down. 

[0066] | n 0 ne embodiment, the power control module 904 sends 
the message indicating that each of the component con- 
trollers have a predetermined period of time before the 
power supply to the components will be terminated. The 
component controllers take steps necessary to place the 
components in a quiescent state before the application of 
power to the components is terminated. For example, the 



RCM 952 and/or the transport unit sub-controllers 976, 
984, 986 and 988 can make sure that any move of a mag- 
azine and/or cartridge in process is completed, the trans- 
port unit is placed in a home position and any pending, 
uncompleted moves are set to a FAIL state so that the 
RCM 952 and/or a host computer will know that these 
moves were not completed before the application of 
power to the transport unit was terminated. In another 
example, a controller such as the LCM 950 and/or the 
RCM 952 may save information currently stored in volatile 
memory into non-volatile memory 858 so that it will be 
able to be retrieved upon power-up. 
[0067] | n another embodiment, the power control module 904 
can send a message indicating that each of the compo- 
nent controllers have a predetermined period of time be- 
fore the supply of power to the components will be termi- 
nated unless one or more of the component controllers 
respond before the expiration of the predetermined pe- 
riod and indicate that more time is necessary to place one 
or more components in a quiescent state. In this embodi- 
ment, for example, the component controllers can inform 
the power control module 904 that an additional period of 
time is necessary to place their components in a quiescent 



state before the supply of power to the component is ter- 
minated. If the power control module 904 receives such a 
message from a component controller, such as the RCM 
952, the power control module 904 extends the predeter- 
mined period of time before terminating the supply of 
power to the components. The power control module 904 
can, for example, extend the original predetermined pe- 
riod of time by an additional predetermined extension pe- 
riod (e.g., 5 seconds) that is the same or different from 
the original predetermined period of time before termi- 
nating the supply of power to the components. Alterna- 
tively, the component controller may specify a period of 
time required for the component to be ready for the sup- 
ply of power to be terminated. 
[0068] | n addition, the power control module 904 can send an 
additional message prior to the expiration of the exten- 
sion period informing the component controllers that the 
time before the supply of power to the components is ter- 
minated will be extended. At this point, the power control 
module 904 may continue to loop until no component 
controllers have requested additional time before termi- 
nating the supply of power or may terminate the supply of 
power after the expiration of the extension period of time. 



[0069] | n another embodiment, the power control module 904 of 
the robotic data storage library 900 may be configured to 
power up or power down the library 900 after a period of 
time has elapsed. In one embodiment, for example, the 
power control module 904 of the robotic data storage li- 
brary 900 may be configured to power up the library 900 
after a period of time has elapsed since the library 900 
has powered down. In another embodiment, the power 
control module 904 of the robotic data storage library 
900 may be configured to power down the library 900 af- 
ter a period of time has elapsed since the library 900 has 
powered on. The power control module 904, for example, 
may wait a period of time after the application of power 
was terminated to the component to power on the library. 
Alternatively, the power control module 904 may wait a 
period of time after the application of power was applied 
to the component before terminating the application of 
power to the component. The period of time may be a 
fixed, predetermined period of time or may be config- 
urable by an operator. In addition, the power control 
module 904 may receive a remote command from an op- 
erator to initiate a transition between an ON state and an 
OFF state. The power control module 904, for example, 



may be accessed remotely, such as via a browser over a 
network interface, and the power switch can be transi- 
tioned between an ON state and an OFF state remotely. 

[0070] Figure 10 shows a plurality of robotic data storage library 
chassis 1002, 1004 and 1006 linked together by a com- 
munication network 1008. Each of the library chassis 
1002, 1004 and 1006 comprises a power controller 1010, 
1012 and 1014, respectively, linked by the communica- 
tions network 1008. In one embodiment, the power con- 
troller 1010 comprises a master power controller and the 
power controllers 1012 and 1014 comprise slave power 
controllers. The library chassis 1002 can also comprise a 
power switch 1016, which is monitored by the master 
power controller 1010. The power switch 1016, however, 
need not be physically attached to the library chassis 
1002 or even any of the library chassis. In addition, as 
discussed above a switch interface of the power switch 
may comprise a user interface and/or a device interface. 

[0071] As described above, the master power controller 1010 

monitors the power switch 1016. In one embodiment, af- 
ter a transition of the power switch 1016 from an OFF 
state to an ON state, the power controller performs as de- 
scribed below by sequencing up power controllers and/or 



components of the library chassis 1002. In addition, how- 
ever, the master power controller 1010 also sends a mes- 
sage via the network 1008 to the slave power controllers 
1012 and 1014. After receiving the message from the 
master power controller 1010, each of the slave con- 
trollers sequence up the power supplies and/or compo- 
nents of their respective chassis. 
[0072] After the master power controller 101 detects a transition 
from an ON state to an OFF state, the power controller 
1010 communicates with the components of the chassis 
1002 to inform them of an impending shutdown. In one 
embodiment, the message sent by the master power con- 
troller 1010 is also received by the slave power controllers 
1012 and 1014 via network 1008. In another embodi- 
ment, the master power controller 1010 sends a separate 
message to the slave power controllers 1012 and 1014 via 
the network 1008. When the slave power controllers 1012 
and 1014 receive the message from the master power 
controller 1010, the slave power controllers 1012 and 
1014 communicate with the components of their respec- 
tive chassis to inform them of an impending shutdown as 
described above. In one embodiment, the slave power 
controllers 1012 and 1014 can request additional time by 



sending a message to the master power controller 1010 in 
the same manner as the component controllers described 
above. 

[0073] while the invention has been particularly shown and de- 
scribed with reference to a preferred embodiment thereof, 
it will be understood by those skilled in the art that vari- 
ous other changes in the form and details may be made 
without departing from the spirit and scope of the inven- 
tion. 



